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(57) ABSTRACT 

An arrangement where a transmitter has a plurality of 
transmitting antennas thai concurrently transmit the same 
symbol, and where the signal delivered to each transmitting 
antenna is weighted by a factor that is related to the channel 
transmission coefficients found between (he transmitting 
antenna and receiving antennas. In the case of a plurality of 
transmit antennas and one receive antenna, where the chan- 
nel coefficient between the receive antenna and a transmit 
antenna i is h,, the weighting factor is h-* divided by a 
normalizing factor, a, which is 



where K is the number of transmitting antennas. When more 
than one receiving antenna is employed, the weighting 
factor is V*(gr\) H , where g=[gi • ■ ■ gj, H is a matrix of 
channel coefficients, and a is a normalizing factor 



4 Claims, 1 Drawing Sheet 
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MAXIMUM RATIO TRANSMISSION 



BACKGROUND OF THE INVENTION 
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where K is the number of transmitting antennas. When more 
than one receiving antenna is employed, the weighting 
factor is l /a(gH)" where g=[g, . . . gj, H is a matrix of 
channel coefficients, and a is a normalizing factor 
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Wireless communications services are provided in differ- 
ent forms. For example, in satellite mobile communications, 
communications links are provided by satellite to mobile 
users. In land mobile communications, communications 
channels are provided by base stations to the mobile users. 
In PCS, communications are carried out in microcell or 
picocell environments, including outdoors and indoors. 
Regardless the forms they are in, wireless telecommunica- 
tion services are provided through radio links, where infor- 
mation such as voice and data is transmitted via modulated 
electromagnetic waves. That is, regardless of their forms, all 
V wireless communications services are subjected to vagaries 

^ of the propagation environments. 

The most adverse propagation effect from which wireless 
communications systems suffer is the multipath fading. 20 
Multipath fading, which is usually caused by the destructive 
superposition of multipath signals reflected from various 
types of objects in the propagation environments, creates 
errors in digital transmission. One of the common methods 
used by wireless communications engineers to combat mul- 25 
tipath fading is the antenna diversity technique, where two 
or more antennas at the receiver and/or transmitter are so 
separated in space or polarization that their fading envelopes 
are de-correlated. If the probability of the signal at one 
antenna being below a certain level is p (the outage 30 
probability), then the probability of the signals from L 
identical antennas all being below that level is p L . Thus, 
since p<l, combining the signals from several antennas 
reduces the outage probability of the system. The essential 

condition for antenna diversity schemes to be effective is 35 where the entry h pk represents the coefficient for the channel 



BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 illustrates an arrangement where there is both 
transmit and receive diversity. 

DETAILED DESCRIPTION 

FIG. 1 depicts a system which comprises K antennas for 
transmission and L antennas for reception. The channel 
between the transmit antennas and the receive antennas can 
be modeled by KxL statistically independent coefficients, as 
shown in FIG. 1. It can conveniently be represented in 
matrix notation by 



H-. 



hu 



(J) 



that sufficient de-correlation of the fading envelopes be 
attained. 

A classical combining technique is the maximum-ratio 
combining (MRC) where the signals from received antenna 
elements are weighted such that the signal-to-noise ratio 
(SNR) of their sum is maximized. The MRC technique has 
been shown to be optimum if diversity branch signals are 
mutually uncorrelated and follow a Rayleigh distribution. 
However, the MRC technique has so far been used exclu- 
sively for receiving applications. As there are more and more 
emerging wireless services, more and more applications 
may require diversity at the transmitter or at both transmitter 
and receiver to combat severe fading effects. As a result, the 
interest in transmit diversity has gradually been intensified. 
Various transmit diversity techniques have been proposed 
but these transmit diversity techniques were built on objec- 
tives other than to maximize the SNR. Consequently, they 
are sub-optimum in terms of SNR performance. 

SUMMARY 



between transmit antenna k and receiver antenna p. It is 
assumed that the channel coefficients are available to both 
the transmitter and receiver through some means, such as 
through a training session that employs pilot signals sent 
40 individually through each transmitting antenna. Since 
obtaining these coefficients is well known and does not form 
a part of this invention, additional exposition of the process 
of obtaining the coefficients is deemed not necessary. 
The system model shown in FIG. 1 is a simple baseband 
45 representation. The symbol c to be transmitted is weighted 
with a transmit weighting vector v to form the transmitted 
signal vector. The received signal vector, x, is the product of 
the transmitted signal vector and the channel plus the noise. 
That is, 



50 



55 



Improved performance is achieved with an arrangement 
where the transmitter has a plurality of transmitting antennas 
that concurrently transmit the same symbol, and where the 
signal delivered to each transmitting antenna is weighted by 60 
a factor that is related to the channel transmission coeffi- 
cients found between the transmitting antenna and receiving 
antenna(s). In the case of a plurality of transmit antennas and 
one receive antenna, where the channel coefficient between 
the receive antenna and a transmit antenna i is h f -, the 65 
weighting factor is h,* divided by a normalizing factor, a, 
which is 



x=Hs-n (2) 

where the transmitted signals s is given by 

s-K • • • sJMv, . . . vj r , ty t 
the channel is represented by 

H-lh, . . . hj (4) 

and the noise signal is expressed as 

n-ln, . . . nj r . (5) 

The received signals are weighted and summed to pro- 
duce an estimate, c, of the transmitted symbol c. 

In accordance with the principles of this invention, the 
transmit weighting factor, v, is set to 



v-«/.[h 1 ...h t r 



(6) 
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where the superscript H designates the Hermitian operator, by choosing the appropriate values for g. Since the h^ terms 
and a is a normalization factor given by are assumed to be statistically identical, the condition that 

|gj|=|g 2 |=, . . «|gj has to be satisfied for the maximum value 
( K y/2 (7) of SNR. Without changing the nature of the problem, one 

a= \Tj '^U 5 Can SCl for s,m P^ cil y- Therefore the overall SNR is 

a' 08) 
r = -rYo 

is included in the denominator when it is desired to insure 
that the transmitter outputs the same amount of power 

regardless of the number of transmitting antennas. Thus, the 10 To maximize y is equivalent to maximizing a, which is 
transmitted signal vector is maximized if 



s-cv^hj . . . \f (81 

and the signal received at one antenna is l5 

x-tk+n-ac+n, (9) 1 1 l h. \ 

from which Ihe symbol can be estimated with the SNR of 

20 



1 19) 

'Srt? 



y< j (10) 



Therefore, 



where y 0 denotes the average SNR for the case of a single 
transmitting antenna (i.e., without diversity). Thus, the gain 25 

in the instantaneous SNR is a 2 when using multiple trans- which results fa ^ maximum value of It h cIear that the 
mitting antennas rather than a single transmitting antenna. « n m ^ 

The expected value of y is ' 



y-El* 2 ho-mM 2 Y(o (H) 30 



and, hence, the SNR with a K^'-order transmitting diversity 

is exactly the same as that with a iC'-order receiving when multiple transmitting and receiving antennas are used, 

diversity. as compared to using a single antenna on the transmitting 

When more than one receiving antenna is employed, the 35 side, or the receiving side, 

weighting factor, v, is The vector g is determined by solving the simultaneous 

equations represented by equation (19). For example, if L«3, 

v='/.(gH) M (12) equation (19) embodies the following three equations: 

where g=[gj ■ . . gjj. The transmitted signal vector is then K K ^ 

expressed as 40 £h lt h\ k £ ft u A; 

s-v.(gh)". 

The normalization factor, a, is |gH|, which yields 



s-y.(gh)". (13) <*i*S) -r; r.diljl-jj 



^ « y n <><> 45 i>*j 



1=1 



K J 



50 

The received signal vector is, therefore, given by 

All of the h coefficients are known, so the three equations 
x*r/,H(gti) M +z. (15) f° rm a set of three equations and three unknowns, allowing 

a simple derivation of the g Jf g 2 , and g 3 coefficients. The 
When the receiver's weighting factor, w, is set to be g, the corresponding average SNR is given by 
estimate of the received symbol is given by 55 

c=gx='7 / .gH(gh)"+gn=ac+gn (16) L 

with the overall SNR given by . . . - _ r 2 i . , . , . 

& 3 6Q where the value of E[a"j depends on the channel character- 

istics and, in general, Ls bounded by 

<i* a 2 ro I 17 ) 
Y= JP? r9 = 1 LKEtlh^EIa^S^L^KElKP]. 

'^ ,2 I claim: 

1. An arrangement comprising: 
65 K multipliers, each responsive to a symbol to be trans- 
From equation (17), it can be observed that the overall SNR milted and 10 a distinct weighting factor v, forming a 

is a function of g. Thus, it is possible to maximize the SNR vector v; and 
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K transmitting antenna, where transmitting antenna i is 
coupled to multiplier i of said K multipliers; 

where K is an integer greater than one, the weighting 
factor vector, v, is proportional to v=(gH)", H is a 
matrix of channel transfer coefficients h^, p= 1 ,2, . . . K, 5 
and q-1,2, . . . L, subscript 4 designates (he Hermitian 
operator, L is an integer thai corresponds to the number 
of antennas of a receiver, and g is a vector of L 
components, such that 



2. The arrangement of claim 1 where the weighting factor 
vector, v, is v^V^gH)", where 

( L L ' K r 



3. The arrangement of claim 1 further comprising a 
receiver, which includes said L antennas for receiving 
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signals, with antenna i of said L antennas coupled to a 
multiplier i that multiplies the signal of antenna i by weight- 
ing factor w„ forming an L component vector w, where w-g. 
4. A receiver comprising: 

L receiver antennas, L being an integer greater than one, 

L multipliers, each coupled to one of said L receiver 
antennas and multiplying a signal received from its 
coupled receiver antenna by a weighting factor g,., 
i— 1,2, . . . L, forming a vector g such that 




where h p<? , p-1,2, . . . K, and q-1,2, ... L is a channel 
transfer coefficient between a transmit antenna p and receive 
antenna q of said L receiver antennas. 



* * * * * 
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